The virulence of four fungal isolates (three
I
The coffee berry borer (CBB), Hypothenemus hampei Ferrari (Coleoptera: Scolytidae) , is considered to be one of the most important pest species of cultivated coffee crops, causing reductions in yield and fruit quality (Le Pelley, 1968) . It is believed that CBB originated in Africa, but has now spread to ali major coffee growing regions of the world (Damon, 2000) . Because the insect spends its entire larval stage within the coffee berry, conventional control methods have not been effective in reducing crop losses.
The entomopathogenic fungus Beauveria bassiana is a well-documented natural enemy of H. hampei. It was first recorded infecting this insect in Brazil as early as the 1930's in São Paulo State and more recently in Paraná State (Villacorta, 1984) . Natural epizootics have been regularly recorded in Colombia, and have resulted in significantly reduced pest populations (Bustillo & Posada, 1996) . Therefore, B. bassiana has been considered to be one of the most promising biological control agents for this economically important pest species. B. bassiana was considered to be an effective component within an integrated pest management program for CBB in Mexico (De La Rosa et a!., 2000) . However, field tests carried out in Colombia showed that microbial contraI was not economically viable due to the large quantity of inoculum required to effectively regulate the pest (Baker, 1999) . These different conc1usions indicate that further work is required to understand the interaction between entomopathogenic fungi and CBB. We compare the virulence of a natural fungal pathogen of CBB with fungal isolates from other host insects that are considered promising agents for use in biological contraI of pests in Brazil.
Adult female CBB were obtained frorn infested coffee berries (Coffee arabica cultivar 'Mundo Novo') collected in Viçosa, Minas Gerais State, Brazil, and maintained in the laboratory under controlled conditions (25 ± 3°C, 70 ± 10% reIative humidity (RH) and 14:10 h LD photoperiod). Insects were maintained on coffee berries which were changed every four months.
Isolates Fungi were grawn on Sabouraud Dextrase Agar at 27°C for 15 days before being used in experiments. Conidia were harvested from plates and suspensions were prepared in Tween 80 (0.05% in sterile distilled water). Conidial concentration was determined using a Neubauer haemocytometer and viability was confirmed using standard procedures.
Bioassay 1: Application of fungal isolates to filter paper discs CBB adults were inoculated with fungi by contact with inoculated filter paper discs. Petri dishes (8-cm diameter and 2-cm height) were lined with sterile filter paper discs (Whatman #1) inoculated with 500.uL of a standard suspension containing I x 10 7 conidia mL -1 in 0.05% Tween 80. The contraI discs were treated with 0.05% Tween 80 only. Five adults were placed in each Petri dish (total of 15 insects per isolate). All isolates were tested at the same time.
Insects were maintained on the treated filter paper discs in a humidity chamber (> 90% RH; 26°C; 14:10 h LD) for 24 h, after which they were transferred to sterile Petri dishes containing one-quarter of a coffee bean. Dishes were maintained under conditions described above for the duration of the experiment. Insect mortality was monitored daily for 15 days. Dead insects were removed from the Petri dishes and surface sterilized using 95% ethanol, followed by immersion in sterile distilled water. Insect cadavers were maintained in a humidity chamber (> 90% RH) to pramote fungal outgrawth. Emergence of conidiophores from the cadavers was used to confirm mortality caused by fungal infection. Data collected for time to death were subjected to regression analysis in order to determine LT 50 values. The LT 50 values for the different isolates were compared using ANOVA followed by Tukey's test for separation of means. All experiments were repeated three times.
Bioassay 2: Direct application of conidial suspensions to non-infested coffee berries Coffee berries, in the red berry stage, not perforated by adult CBB, were surface sterilized in order to reduce growth of sapraphytes, using a solution of sodium hypochlorite (0.5%) for I min and then rinsed in sterile distilled water and allowed to air dry. The berries were then inoculated with I mL of conidial suspension. Only isolate LPPl was used in this part of the study. Three concentrations were tested: I x 10 7 ; 1.2 X 10 6 ; and 1.0 x 10 5 conidia mL -1. Conidial suspensions were first applied to the crown of coffee berry and then distributed evenly over the berry using a no. 2 paintbrush. A total of six replicate treatments per concentration were set up, each consisting of five insects and five treated berries. The experiment was repeated three times. The contraI treatment (1 mL 0.05% Tween 80) consisted of five berries with five insects for each repetition. Insects and berries were held for 24 h in a humidity chamber (> 90% RH; 25°C; 14:10 h L:D) and subsequently maintained as stated in Bioassay 1. Infection by B. bassiana was assessed after 10 days.
Bioassay 3: Direct application of conidial suspensions to pre-infested coffee berries Coffee berries in the red berry stage infested with CBB (the posterior part of the abdomen of the insect was exposed) were chosen for application of conidial suspensions of LPPI. The berries were first surface sterilized as described in Bioassay 2, using a fine paint brush, without touching the insects. Treated groups consisted of five infested berries per conidial concentration and the experiment was repeated three times. The berries were individually inoculated with conidial suspensions as described above. Direct inoculation of the insects was avoided. The treated berries were maintained as stated previously. The presence of conidiophores on the cuticle surface of CBB was used to assess insect mortality (infection). Differences between infection rates obtained in Bioassays 2 and 3 were compared using ANOVA followed by Tukey's test.
AIl of the fungal isolates applied via inoculation of filter paper discs were pathogenic to H. hampei, although differences were observed in the virulence of these isolates. Mortality was seen as early as 48 h after inoculation, with 100% mortality recorded for treatments with B. bassiana isolates LPPI and LPP5 by day 12 of the experiments. Table 1 shows the values for cumulative per cent mortality 3 and 10 days after inoculation and the LT 50 values all four isolates. The LT 50 of LPPI was lower than that of LPP5, although the values were not significantly different. It is interesting to note that LPP5 was originally isolated from naturally infected CBB and LPPI was obtained from a chrysomelid beetle, indicating that the host-pathogen interaction may not be specific. Baker (1999) suggested that isolates of B. bassiana are able to move between different host species. In previous studies, 18 isolates caused between 20 and 100% mortality in CBB and the most virulent isolate (Bb-26) caused 50% mortality in 4.3 days (De La Rosa et aI., 1997). Bb-26 was originally isolated from CBB, and the value for LT 50 was similar to that obtained for LPP5. The fact that CBB is susceptible to a range of fungal isolates has important implications for the study of natural epizootics.
Isolate LPPI was selected as the most virulent isolate for further testing against CBB by inoculation of berries pre-and post-infested coffee berries. Results of Bioassays 2 and 3 are shown in Figure 1 . The highest mortalities were obtained for all tested concentrations when fungi were applied to the berries prior to infestation with CBB. However, high levels of mortality were also observed when berries that had already been perforated by CBB were inoculated. Differences in mortality (infection) levels in berries infested with CBB prior or after inoculation were not statistically significant at each of the concentrations tested. However, there were significant differences in infection when comparing mortality (infection) at the highest and the lowest conidial concentration ( Figure I ). It is interesting to note that CBB were infected by inoculation of berries that had already been perforated, although direct inoculation was avoided. This may be explained by recent studies of CBB behaviour 91.0 ± 10.4 95.7 ± 7.5 53.0 ± 20.0 46.7 ± 11.5 14.6 ± 4.1 3.4a [3.1-3.8] 3.9a [3.6-4.3] 7.0b [6.3-7.8] 9.4c[8.5-10.7] Values for LT50 followed by the same letter were not significantly different (P < 0.05) using Tukey's test. which have shown that during the perforation of the berries, the insect regularly leaves its borehole to deposit excavated material on the berry surface, thus exposing itself to the inoculum (Pereira, unpublished observation). Few studies have been published on the pathogenicity of entomopathogenic fungi against CBB in BraziJ. Lecuona et ai. (1986) investigated mortality caused by direct inoculation of coffee berries with M. anisopliae originally isolated from Anthonomus grandis (Coleoptera: Curculionidae). The highest concentration used (1.5 x 10 8 conidia mL -1) caused 60% mortality. In the current study, LPPl caused 83% mortality when a concentration of 1 x 10 7 conidia mL -1 was applied indicating that it is a more virulent pathogen. The lower virulence of M. anisopliae against CBB, when compared to that of B. bassiana, has also been confirmed by Bustillo et ai. (1999) . The least virulent isolate screened in this study, with an LT 50 of 9.4 days, was M. anisopliae isolate CG46. Although M. anisopliae may prove to be a good biological control agent for CBB in certain situations, it has not been reported as a natural pathogen of CBB.
On the basis of field trails carried out in Colombia, Baker (1999) caJculated that it would be necessary to apply 10 10 Beauveria conidia per tree to control CBB infestations, a concentration that is not economically viable. Further studies are required to identify more potent fungal isolates and to better understand the interactions between CBB and its fungal pathogens, which under certain conditions are capable of naturally controlling CBB populations. Timing of fungal applications will be critical and our results indicate that applications of entomopathogenic fungi to coffee berries before or shortly after CBB infestation may be the most effective. Further tests are current1y being carried out in the field to determine population dynamics and timing of infestations using trapping methods. We are also continuing the screening of isolates from various host insects and are comparing the genetic diversity of B. bassiana found infecting CBB in different regions of BraziJ.
